Variational calculus studied methods for finding maximum and minimum values of functional. It has its inception in 1696 year by Johan Bernoulli with its glorious problem for the brachistochrone: to find a curve, connecting two points A and B , which does not lie in a vertical, so that heavy point descending on this curve from position A to reach position in for at least time. In functional analysis variational calculus takes the same space, as well as theory of maxima and minimum intensity in the classic analysis .
With the limit points of the allowable set of curves: 00 () y x y  and 11 () y x y  . Will we consider that the function ( , , ') F x y y is three times differentiable. We know that necessary condition for extreme is the variation in the functional is equal to zero. We will now show how the main theorem is applied to the given functional (0.1).
Assume that extreme reached on two times differentiable curve () y y x  (required only the existence of a derived from the first line of residue curves, otherwise, it may be that of the curve on which is reached extreme, there is a second derived). We are taking some close to () y y x  
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is called variation of functional and means v  .
Necessary condition for extreme of functional is its variation is equal to zero
For the functional (0.1) this condition has a type of To simplified the obtain necessary condition (0.2), we will use the following lemma:
Fundamental lemma of the variational calculus

If for any continuous function
() x  is true 1 0 ( ) ( ) 0, x x x x dx    Where the function () x  is continuous in the interval 01 [ , ] xx , it ( ) 0 x  in this interval.
Proof of the fundamental lemma of variational calculus
We accept that, in the point xx  , resting in the interval 01 ( , ) xx , ( ) 0 x  , is a contradiction.
Indeed, the continuity of the function () x  , it follows that if ( ) 0 x  it () x  keeps characters in vicinity of
x ( 01 x x x  ). We choose function () x  which also retains the mark in that vicinity and is equal to zero outside of this vicinity. We receive
retains its mark in the interval 01
x x x  and is equal to zero in the same interval.
And so, we come to a contradiction, therefore ( ) 0 x  .
Note .
Adoption of lemma and its proof remain unchanged if the function () x  requires the following restrictions:
There is a continuous derived to line n , () ( ) , ( 0,1, , ; )
The function () x  can be selected, e.g. :
where n is a positive number, k is a constant.
Apparently, that the function () x  satisfies the above conditions: it is a continuous, there is a continuous derived to line 21 n  , in the points 0
x and 1 x is equal to zero and by reducing the factor by k we can do () () s x   for the 01 [ , ]
x x x  . Now we will apply the fundamental lemma of variational calculus to simplify the above necessary condition for extreme (0.2) of functional (0.1).
Consequence1.1.
If functional Only if they are satisfied with these conditions, can be reached extreme of functional.
However, in order to determine whether they are really extreme (maximum or minimum), must be studied and sufficient conditions for extreme.
To recall, that border problem
not always has a solution, and if there is a solution, then this may not be sole.
It should be taken into account that in many variational problems the existence of solutions is evident, from physical or geometrical sense of the problem, and in the solution of the equations of Euler satisfying the border conditions, only a single extreme may be the solution of the given problem.
Problem of the brachistochrone:
To determine curve, connecting two given points A and B, in whose movement, material item provided for the shortest time from A point to point B (friction and resistance of the environment). We will shift the origin of the coordinate system in the point A, the axis Ox we will put horizontally, and the axis And so, the brachistochrone is cycloid.
Conclusion
